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(54) Network system having disk drive bypass circuits 



(57) A network system in which data is transferred 
through a bypass circuit which extends between the 
ends of a branch and becomes active when all the disk 
drives in the branch are inactive, rather than the data 

■ -26 



being transferred through bypass circuits individually 
associated with the disk drives and which become 
active when the disk drives are inactive. 
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Description 

[0001] The present invention relates, in general, to a 
network system having circuitry for bypassing inactive 
disk drives which are serially connected and, in particu- 
lar, to hierarchical bypass circuitry by which an entire 
branch of a network is bypassed when all the disk drives 
in the branch are inactivated. 

[0002] Presently, there are many network systems 
having a loop architecture: Such networks preferably 
are a/ranged to allow one or more disk drives to be 
removed from the loop while maintaining operation of 
the loop. For this reason, disk drives are bypassed with 
a bypass circuit so that a serial loop may still transfer a 
signal in the event one of the disk drives is removed. 
When a disk drive is removed, the associated bypass 
circuit senses removal of the disk drive and allows data 
to transfer through the bypass circuit. 
[0003] Bypassing a disk drive may have a detrimental 
effect on the performance of the loop. This is a result of 
the functional differences between the disk drive path 
and the bypass path. When the disk drive is present, the 
communications protocol present in the disk drive pro- 
vides freshly tuned data. Thus, signal integrity of the 
outbound path is clean. Due to economical considera-. 
tions, the bypass circuit may not provide this level of 
function resulting in an outbound • signal which is 
degraded -from that of the actual disk drive outbound 
signal. In the event that plural, serially connected disk 
drives are inactive and plural bypass circuits are active, 
signal deterioration is compounded. Some examples of 
signal deterioration are propagation delay, jitter, and 
performance degradation, as well as a reduced dis- 
tance allowed between disk drives. Even if a more 
costly bypass circuit which includes retiming is used, 
there still can be unnecessary latency through the com- 
munication path. 

[0004] Accordingly, a network system, constructed in 
accordance with the present invention, includes a host 
terminal for supplying data and a plurality of serially « 
connected stations through which data from the host 
terminal is transferred. Each station includes a disk 
drive and a primary bypass circuit connected in parallel 
with the disk drive. The primary bypass circuits are acti- 
vated when the associated disk drive is inactivated. A 
network system, constructed in accordance with the. 
present invention, also includes a secondary bypass cir- , J 
cuit for transferring data from the host terminal and 
bypassing the plurality of stations when ail the primary ' 
bypass circuits are activated and means responsive to 
the primary bypass circuits for activating the secondary . 
bypass circuit when all the primary bypass circuits are; 
activated. A network system, constructed. in accordance • 
with the present invention, further includes means for . - 
preventing data from the host terminal from being trans-. ■ 
ferred to the plurality of stations when data from the host 
terminal bypasses the plurality of stations through .the * 
secondary bypass circuit. 



[0005] Preferably each primary bypass circuit is acti- 
vated in response to its associated disk drive being 
inactivated. Preferably also, there may be additional sta- 
tions, serially connected with the plurality of stations 

5 beyond the secondary bypass circuit, and having addi- 
tional disk drives and additional bypass circuits. 
[0006] Further preferred aspects of the invention 
include further levels of bypassing, for example, tertiary 
bypass circuits. 

10 [0007] Preferred embodiments of the present inven- 
tion will now be described by way of example, with refer- 
ence to the drawings, in which: 
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Figure 1 is a block diagram of first and second 
embodiments of a network system constructed in 
accordance with the present invention. 

Figure 2 is a block diagram of third and fourth 
embodiments of a network system constructed in 
accordance with the present invention. 

[0008] Referring to Figure 1 , a first embodiment of a 
network system, constructed in accordance with the 
present invention, includes a host terminal 10, for exam- 
ple a computer, which supplies data and a plurality of 
serially connected stations 12, 14, and 16 through, 
which data from the host terminal is transferred. Data 
flow can be in the opposite drectjon, namely from sta- . 
tions 1 2, 1 4,. and 1 6 to host terminal 10. . . . 

[0009] Each station 12, 14, and 16, respectively,, 
.includes a disk drive 12a, 14a, and 16a and a primary 
bypass circuit 12b, 14b, and 16b connected in parallel 
with the associated disk drive. The disk drives and the 
: bypass circuits can be of conventional construction and 
operation. The number of stations in a level of hierarchy 
depends upon the application of the network system. 
[001 0] When disk drives 1 2a, 14a, and 1 6a-are active, 
* primary bypass circuits 12b, 14b, and 16b, ; respectively, 
:are inactive. -The transfer of data is through disk drives 
1 2a, 1 4a, and*1 6a to or from host terminal 10.. 
[001 1 ] Primary bypass circuits 1 2b, 1 4b, and 1 6b are 
activated individually when -the associated disk drives 
12a, 14a, and 1 6a, respectively, are inactivated, for 
example when one or more, of the disk , drives is 
removed from the network system. Each primary 
bypass circuit 12b, 14b, and ,16b can be activated by 
direct or indirect response to its associated disk drive 
being inactivated. Connections 12c, 14c, and 16c rep- 
resent direct sensing, by primary bypass circuits 12b, 
14b, and 16b, of the associated disk drives ; 12a, 14a, 
and 16a being inactivated. The transfer of. data, to or 
from host terminal ip, is through those disk drives 12a, 
14a, and 16a which remain active and those primary 
bypass circuits. 12b, 14b, and 16b which have been 
activated. _ • _ . 
[0012] A network system, constructed in accordance, 
with the present invention, also includes a secondary 
bypass circuit 18 for transferring data from host terminal 
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10 and bypassing the plurality of stations 12, 14, and 16 
when all the primary bypass circuits 12b, 14b, and 16b 
are activated. Secondary bypass circuit 18 can be of 
conventional construction and operation. 
[0013] A network system, constructed in accordance 
with the present invention, further includes means 
responsive to primary bypass circuits 12b, 14b, and 
16b for activating secondary bypass circuit 18 when all 
the primary bypass circuits are activated. Such means 
can be an AND circuit 20 of conventional construction 
and operation. When a signal is present at each of the 
inputs to AND circuit 20, representing all of the primary 
bypass circuits 12b, 14b, and 16b being activated and 
all of the disk drives 12a, 14a, and 16a being inactive, 
the AND circuit activates secondary bypass circuit 18 to 
transfer data to or from host terminal 10 and bypassing 
the plurality of stations 12, 14, and 16. 
[0014] A network system, constructed in accordance 
with the present invention, further includes means for 
preventing data from host terminal 10 from being trans- 
ferred to the plurality of stations 12, 14, and 16 when 
data from the host terminal bypasses the plurality of sta- 
tions through secondary bypass circuit 18. Such means 
can be. for example, gates 22 and 24, respectively, 
located at the input to the first station 12 and at the out- 
put from the third station 1 6. By preventing data transfer 
through stations 12, 14. and 16 and.* in particular- 
through primary bypass circuits 12b, 14b, and 16b 
when disk drives 12a, 14a, and 16a all are inactive, 
propagation delay, jitter and performance degradation / 
are lessened and' overafl signal integrity is improved 
compared to propagation' delay, jitter, performance deg- - 
radation, and signal integrity as data to or from host ter- 
minal 10 passes through the primary * bypass circuits 
when the disk drives' all areMnactive., ;; 
[0015] According to a second embodiment of the : 
present invention,' the network 1 system of Figure 1 -fur- 
ther includes an additional station 26 serially connected 
with stations 12, i 4, and 16 beyond secondary bypass 
circuit 18. Station 26 includes an additional disk drive 
26a and an additional bypass circuit 26b connected in 
parallel with disk drive 26a. Station : 26 is hot in the 
branch, identified by reference humeral 2&; in which sta- 
tions 12, 14, arid 16 are located and 'not -bypassed by 
secondary bypass circuit 18. Station 26 is another sta- 
tion, composed of a disk drive and a bypass "circuit, in 
the network system, which' transmits or receives data to 
or from station 16 or secondary bypass circuit 18. 
[001 6] Referring to Figure 2, a third" embocSment of a 
network system, constructed in' accordance with- -the 
present invention, includes a host terminal 30; for exam- ■ 
pie a computer, which supplies data and a plurality of- 
serially connected network branches 32, 34,' and 36. 
Each of the network branchesincludes all of the compo- 
nents of the first errtoodirnerrt bf the present invention, 
namely (A) a plurality of serially connected stations 
through Which data from the host terminal is transferred, 
with each station including a disk drive and an associ- 



ated primary bypass circuit connected in parallel with 
the disk drive and activated when the disk drive is inac- 
tivated. (B) a secondary bypass circuit for transferring 
data from the host terminal and bypassing the plurality 
5 of stations when all the primary bypass circuits are acti- 
vated. (C) means responsive to the primary bypass cir- 
cuits for activating the secondary bypass circuit when all 
the primary bypass circuits are activated, and (D) 
means for preventing data from the host terminal from 
■to being transferred to the plurality of stations when data 
from the host terminal bypasses the plurality of stations 
through the secondary bypass circuit Each of the net- 
work branches 32, 34, and 36 operates in a manner 
identical to the branch shown in Figure 1. As with the 
15 first and second embodiments of the present invention, 
each primary bypass circuit in the third embodiment can 
be activated by direct or indirect response to its associ- 
ated disk drive being inactivated. 
[0017] The third embodiment of a network system, 
20 constructed in accordance with the present invention, 
further includes a tertiary bypass circuit 38 for transfer- 
ring data from host terminal 30 and bypassing network 
branches 32, 34, and 36 when all the secondary bypass 
circuits of the network branches are activated. 
25 [0018] Also included in the third embodiment of a net- 
work system, constructed in accordance with the 
. =!' '-present invention, are means responsive to secondary 
;/ t>ypass circuits of^the network branches for activating 
■ tertiary bypass circuit 38 when all the secondary bypass 
circuits are- activated: Such 'means can be an AND cir- 
' ! cuit 40 of conventional 1 construction and operation. 
When a signal is present at each of the inputs: to. AND 
circuit 40; representing all of theprimary bypass circuits 
r in all of the network branches 32* 34, and 36 being acti- 

- vated and all of the disk drives 1 in all of the network 
branches being inactive, AND circuit 40 activates terti- 

: -ary bypass circuit:38 to transfer data.to or from host ter- 
minal 30 and bypassing the plurality of network 
branches. * 
. [0019] The third embodiment of a network system, 
^"constructed, in accordance -with the present invention, 
further includes means tor preventing data from host, 
-terminal 30 from being transferred to the plurality of net- 
' r work branches 32, 34, and 36 when data from the host 
45 terminal bypasses the plurality of stations through terti- 
ary bypass circuit 38. Such means can be, for example, 
gates 42 and 44, respectively, located at the input to the 
' first network branch 32 and at the output from the third 

- network branch 36. By preventing data : transfer through 
so network branches 32, 34, and 36 and, in . particular 

- through the- secondary .bypass circuits of the network 
branches when the disk drives all are inactive, propaga- 

-tion delay, jitter* and performance degradation are less- 
- ened and overall signal integrity is improved compared 
55 to propagation, delay, jitter. • performance degradation, 
and signal integrity as data to. or from host terminal 30 
passes through thesecondary bypass circuits when the 
• disk drives of the network.branches all are inactive. 
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[0020] According to a fourth embodiment of the 
present invention, the network system of Figure 2 fur- 
ther includes an additional network branch 46 serially 
connected with network branches 32, 34, and 36 
beyond tertiary bypass circuit 38. Network branch 46 
can be, as shown, a single station similar in construction 
and operation to stations 12, 14, and 16 of Figure 1 or 
network branch 46 can be composed of a plurality of 
stations similar to network branch 28 of Figure 1 . Net- 
work branch 46 transmits or receives data to or from 
network branch 36 or tertiary bypass circuit 38. 

Claims 

1 . A network system comprising: 

a host terminal for supplying data; 

a plurality of serially connected stations 
through which data from said host terminal is 
transferred, each said station including: 

(a) a disk drive, and 

(b) a primary bypass circuit connected in 
parallel with said disk drive and activated 
when said disk drive is inactivated; 

a secondary bypass circuit for transferring data 
from said host terminal and bypassing said plu- 
rality of stations when all said primary bypass 
circuits are activated; 

means responsive to said primary bypass cir- 
cuits for activating said secondary bypass cir- 
cuit when all said primary bypass circuits are 
activated; and 

means for preventing data from said host termi- 
nal from being transferred to said plurality of 
stations when data from said host terminal 
bypasses said plurality of stations through said 
secondary bypass circuit. 

2. A network system according to claim 1 wherein 
each said primary bypass circuit is activated in 
response to its associated disk drive being inacti- 
vated. 

3. A network system according to claim 1 further 
including an additional station serially connected 
with said plurality of stations beyond said second- 
ary bypass Circuit and having: 

(a) an additional disk drive, and 

(b) an additional bypass circuit connected in 
parallel with said additional disk drive. 



6 

4. A network system comprising: 

a host terminal for supplying data; 

s a plurality of serially connected network 

branches each including: 

(a) a plurality of serially connected stations 
through which data from said host terminal 

10 is transferred, each said station including: 

(1) a disk drive, and 

(2) an associated primary bypass cir- 
15 cuit connected in parallel with said 

disk drive and activated when said 
disk drive is inactivated, 

(b) a secondary bypass circuit for transfer- 
ee ring data from said host terminal and 

bypassing said plurality of stations when 
all said primary bypass circuits are acti- 
vated, 

25 (c) means responsive to said primary 

bypass circuits for activating said second- 
ary bypass circuit when all said primary 
bypass circuits are activated, and 

30 (d) means for preventing data from said 

host terminal from being transferred to said 
plurality of stations when data from said 
host terminal bypasses said plurality of 
stations through said secondary bypass 

35 circuit; 

a tertiary bypass circuit for transferring data 
from said host terminal and bypassing said net- 
work branches when all said secondary bypass 
40 circuits are activated; 

means responsive to said secondary bypass 
circuits for activating said tertiary bypass circuit 
when all said secondary bypass circuits are 
45 activated; and 

means for preventing data from said host termi- 
nal from being transferred to said secondary 
bypass circuits when data from said host termi - 
so nal bypasses said network branches through 

said tertiary bypass circuit 

5. A network system according to claim 4 wherein 
each said primary bypass circuit is activated in 

ss response to its associated disk drive being inacti- 
vated. 

6. A network system according to claim 1 wherein 
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each of said network branches further includes an 
additional station serially connected with said plu- 
rality of stations beyond said secondary bypass cir- 
cuit and having: 

(a) an additional disk drive, and 

(b) an additional bypass circuit connected in 
parallel with said additional disk drive. 
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(54) Network system having disk drive bypass circuits 



(57) A network system in which data is transferred 
through a bypass circuit (18) which extends between 
the ends of a branch and becomes active when all the 
disk drives (12a.14a.16a) in the branch are inactive, 
rather than the data being transferred through bypass 



circuits (12b, 14b, 16b) individually associated with the 
disk drives (12a, 14a, 16a) and which become active 
when the disk drives are inactive. 
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